We calculated numbers and axonal areas of myelinated nerve fibers in the Lissauer tract of the human lumbar spinal cord (L1) from the viewpoint of the aging process. We examined 20 human spinal cords from 13 males and 7 females, age ranging from 41 to 88 years old. We found that, although the number of nerve fibers showed no significant change in relation to the age of the subject, the axonal area of myelinated nerve fiber in the Lissauer tract did decrease with age.
There has been no report so for, on the aging process of the human Lissauer tract, as far as we know. This tract is named after Lissauer who for the first time decides the nervous composition of this part of the spinal cord in 1885 (Sano, 1999) . Axonal areas of the myelinated fibers in the Lissauer tract are extreme small -about one-sixth thinner than those of the posterior funiculus (Zhang, 1995) or the lateral corticospinal tract (Zhou, 1997) , and practically impossible to measure under word normal circumstances, which means that morphometric data are difficult to obtain under optic microscope observation.
However, we devised a new system to enhance the magnification using a special analyzing system composed of a digitizer, a microscope equipped with a drawing tube and made to order lenses, as well as a computer for structure tracing, data logging and statistical analysis. This made possible the quantitative study of even irregular shapes and enabled us evaluate the relation between aging and axonal numbers and sizes in the Lissauer tract.
Material and Methods
We examined 20 human spinal cords removed from cadavers used for the anatomic practice 13 males and 7 females. The age of the cadavers ranged from 41 to 88 years (average 72). The spinal cords for the present study were considered normal after the dissection of the whole body. After the fixation of cadavers by intravascular injection of 10% formaldehyde with a pulsation pump into the femoral artery together with the opening of the bilateral internal jugular and femoral veins for drainage of blood, the spinal cords were removed en bloc with the covering meninges (dura mater, arachnoidea and pia mater) and the proximal parts of the spinal roots. The spinal cord was transversely cut into segments: The first segments of the lumber spinal cord were kept in a solution of 10% formaldehyde for a further 3 weeks. These were then immersed in a secondary fixative composed of 5% potassium chromate solution and 5% potassium dichromate solution (4 : 1 in volume) for three weeks: the first two weeks at room temperature followed by one week at 37 C. They were embedded in celloidin after washing in running water and dehydration with graded alcohol. The blocks were transversely sliced into 20 mm-thick sections to stain with Luxol fast blue-periodic acid-Schiff-hematoxylin (LPH) method (Goto, 1987) . For the measurement and analysis of the lumbar cord sections, a combination of a light microscope (Olympus Co. Japan) equipped with a drawing tube, an electronic optical planimeter (Digitizer KC 3300, Graphtec Co, Japan) and a computer (NEC, Japan) was adopted for the evaluation of nerve fiber axons in the Lissauer tract at the L1 level on both sides. We adopted an intermediate enlarging lens for the microscope, and an NFK lens (20 times) for the drawing tube. With the above combination, it is possible to measure an object under 3,500 times magnification ( Fig. 1) .
Results

Microscopic findings
The Lissauer tract (also called fasciculus dorsolateralis) looks like a horse's hoof on the transverse section and occupies a narrow area between the columna posterior and the dorsolateral sulcus ( Morphometric data for the Lissauer tract (The results are shown in Table 1 ) Area
The average area of Lissauer tract was 103,888 G 21,011 mm 2 (100,200 G 20,027 mm 2 , for the right side, 107,575 G 21,827 mm 2 , the left side).
Number of axons
The average number of axons in the Lissauer tract was 40.5 
Axonal area of the myelinated nerve fibers
The Lissauer tract, the average area of myelinated axons was 0.211 G 0.163 mm 2 : 0.219 G 0.189 mm 2 for the right side, 0.203 G 0.142 mm 2 for the left side; (p < 0.05). A linear regression analysis was performed between age and each of the items mentioned above. A value of p < 0.05 was considered as being statistically significant. Where as no significant correlation was found between age and either average under of axon or the after of the Lissauer tract ( Figs. 4a and 4b ), a definite remark correlation appears in the case of the axonal area of the myelinated nerve fibers, where the average value decreases when the age or death increases (Fig. 4c ).
Discussion
As far as we know, no reports are available on the morphometry of the Lissauer tract in the human spinal cord, although there have been several reports on the Lissauer tract in the cat, the rat and the monkey (LaMotte, 1977; Coggeshall et al., 1981; , 1982 , 1984 Morgan, 1981) .
Thank to the utilization of LPH stain after celloidin embedding and secondary fixation, with chronic acid, and with the use of an optical microscope equipped with a drawing tube and a computer for measurements and statistic analyses, we managed by the first time, to evaluate axonal areas of the human Lissauer tract, and also to count the number of myelinated nerve fibers with a fair degree of precision. In particular, the utilization of LPH stain was instrumental in the visualization of the axons.
From the data thus obtained (and which is summarized in the Table 1 ), we can see that, although there appears to be no correlation between number and age, the axonal areas of the myelinated nerve fibers does decrease as the age of the subject increases. Further study should be conducted through dissection of subjects who have died of cancer after surgical resection (Yokota, 1988 (Yokota, , 1990 , in order to find whether or not there is a decrease in the numbers of fibers in the Lissauer tract, which would then give more precise indication on the origin of the Lissauer tract, as the only in formation we have at the moment is from work on experimental animals (Earle, 1952; LaMotte, 1977; Morgan, 1981; Coggeshall et al., 1981; , 1982 , 1984 Cervero and Iggo, 1980; Rao and Krinke, 1983; Shigenaga, 1988; Yokota, 1988; Knox et al., 1989; Harkins et al., 1996) . 
